Part 5  The Energy and Nutrition
What is energy?
Energy is the power used to do work or to produce heat or light. Energy cannot be created or destroyed but it can be changed from one form to another. For example, when a piece of coal burns, the energy locked up in the chemicals in the coal is converted to heat and light.
Where does energy come from?
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Energy comes from the sun and is called solar energy. Living plants are able to convert solar energy to chemical energy by a process called photosynthesis. This chemical energy is used to make other substances such as protein, carbohydrate and fat, all of which provide energy.
Plants extract energy from light with 35% efficiency. 
Animals cannot use solar energy directly but can use the chemical energy contained in plants or other animals. They can oxidize carbohydrate, protein, fat (and alcohol) to produce energy, carbon dioxide and water.
Animals extract energy from food with 25-30% efficiency.
The importance of energy
All living organisms require a source of energy
Some of the energy released is used to maintain metabolic process in the cells

Some of the energy is converted into heat to maintain body temperature

Some of the energy is converted into mechanical energy which is used for physical activity

Units of energy
Energy can be measured in either joules or calories.
• A joule (J) can be defined as the energy used when 1 kilogram (kg) is moved 1 meter (m) by the force of 1 Newton (N).

• A calorie (cal) can be defined as the energy needed to raise the temperature of 1 gram of water from 14.5 to 15.5ºC.
The unit of energy are the joule, kilojoule(KJ)

    megajoule(MJ), kilocalorie(Kcal), megacalorie

1kcal=4.18kJ

   1MJ=1000KJ= 1000000J

Energy value of nutrients
The three groups of nutrients which provide the body with energy are carbohydrates,fats and proteins
              1g of carbohydrates provides 17KJ (4kcal)

            1g of fat provides 38KJ (9kcal)

            1g of protein provide 17kj (4kal)

Alcohol  make a significant contribution to the energy value

              1g of alcohol provide 29KJ (7kcal)
Energy value of foods
	Food
	KJ per 100g
	Kcal per 100g

	Butter
	3041
	740

	Cheese
	1682
	406

	Sugar
	1660
	349

	White
	flour
	1493

	356
	
	

	Beef
	1168
	282

	Eggs
	612
	[image: image2.jpg]


147

	Potatoes
	372
	87

	Bananas
	337
	79

	Milk
	272
	65

	Beer
	105
	25


Use of energy by the body
Basic metabolism
Physical activity

Metabolic response to food

1. Energy Expenditure 
A. 24 hour EE = REE + TEF +TEE + FT (?) 
EE, Energy Expenditure 
REE, Resting Energy Expenditure 
TEF, Thermic Effect of Food 
TEE, Thermic Effect of Exercise 
FT, Facultative (特许的)Thermogenesis (生热作用)
1). Basal Metabolism 
The minimum amount of energy needed to maintain life. 
a. rested quietly for 30 mins 
b. postabsorptive for at least 12 hours 
c. thermally neutral environment 
e.  no exercise for 24 hour prior 
Basic metabolism
Energy is needed to …
      Keep the heart beating

     Keep the lungs functioning

     Maintain body temperature 

     For the numerous chemical reactions taking place in  body cells

The rate at which energy is used up in maintaining basal metabolism is called

   Basal metabolic rate (BMR)               
BMR can be measured by determining the amount  of heat given out by the body
1.Enclosing the person in an insulated chamber and measuring heat output 
  2.For the person to breathe into specially designed apparatus which monitors either oxygen uptake or carbon dioxide output 
Factors affect the BMR of an individual
Body size
       BMR of an average 70kg man is 293KJ  per hour

       BMR of an average 55kg woman is 251KJ  per hour

Activity of the thyroid gland

Thermogenic(生热) effect of food
Percent BMR Utilized By Brain 
	Species
	% BMR

	Elephant
	2.7

	Horse
	1.8

	Pig
	1.0

	Man
	19.6

	Sheep
	1.7

	Monkey
	8.8

	Dog
	2.9

	Rat
	2.1

	Mouse
	1.7


2). Resting Energy Expenditure (REE) - 
a. Any measurement that is not BMR
b. 60-70% of total daily energy expenditure

c. thyroid function, nutrition state, exercise, and sympathetic nervous (交感神经) system can affect RMR

d. decrease in RMR with age appears to be due to loss in lean body mass

e. in women, a decrease in RMR is seen after menopause(更年期)(Curvilinear)
3). Thermic Effect of Food (TEF).
a. the energy cost associated with digestion, absorption, transport, and storage of nutrients. 
b. accounts for ~ 10% of daily energy expenditure 
c. cost of storing fat is 3% of the available energy from fat 
d. cost of storing glucose as glycogen is 7% of available energy from glucose

e. cost of storing glucose as lipid is 26% of available energy from glucose

f. cost of storing protein is 24% of available energy from protein

g. measurement of TEF varies considerably 
4). Thermic Effect of Exercise
a. The energy cost of physical activity above basal levels 
b. 15-30% of daily energy expenditure

c. two components: 1) during exercise; 2) after exercise

d. highly variable -- intensity强度+ duration

e. difficult to estimate spontaneous activity [自发性活动]
5). Facultative Thermogenesis
a. 10% of daily energy expenditure
b. a catch-all for energy expenditure not accounted for by RMR, TEF, and TEE 
2. Measuring Energy Expenditure 
1) Direct Calorimetry (Direct) 
A simplified version of human calorimeter used to measure direct body heat lose, energy expenditure
a. specially design chamber that measures body heat 
b. very impractical, but very accurate 
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2). Indirect Calorimetry (Oxygen Consumption) 
a. closed circuit: The subject rebreathes only the gas within the spirometer. Measurement of oxygen consumed from a know amount. 
b. open circuit: the subject breathes through a two-way valve in which room air is inspired from one side and expired air passes through the opposite side. A sample of the air is collected an analyzed. Gas laws must be applied to the equation for determining oxygen consumption and carbon dioxide production 
c. takes advantage of the fact that energy metabolism ultimately depends on oxygen utilization (VO2) and carbon dioxide production (VCO2) 
d. one liter of oxygen is approximately equal to 5 kcal (assuming a mixed diet). 

3). Doubly Labeled Water 
a. subject drinks a known amount of water labeled with the stable isotopes deuterium (2H) and oxygen 18 (18O). 
b. collect urine and blood samples for 1-3 weeks. 
4). Respiratory Quotient (RQ) 
(1) the ratio of CO2 to O2 consumed (RQ) 
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(2) Gives an indication of the type of food stuff being consumed (RQ Equivalents) 
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Caloric Equivalents of Foodstutfs Combusted Inside and Outside the Body

RQ  Inside Body Outside Body
Food keal - liter 0, (Vco/Vyy) (kcal - g)  (keal-g-)
Carbohydrate 5.05 1.00 42 42
Fat 4.70 070 95 9.5
Protein 450 0.80 4z 574
Mixed diet 4.82 0.82
Starving individual 470 0.70

“The amount of protein combusted outside the body is greater than that com-

busted inside the body (see text)





a. the RQ for carbohydrate is 1.0
b. the RQ for fat is 0.71 
3. Estimation of Energy Allowances in Populations 
1). Adults 
(1). World Health Organization (WHO) REE values are multiplied by activity factor 
a. WHO recommendation are based on empirical (完全根据经验的) derived equations 
b. activity factors are multiplies of REE and rely on a system that divides activity into different classification: very light, light, moderate, heavy (Exercise Chart). 

Physical activity
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In addition to basal metabolism, energy is used by the body for muscular activity. 
The energy requirements for various activities have been determined by measuring oxygen uptake during different activities  

Energy consumption of various activities
	Activity
	KJ per minute
	Kcal per minute

	Sitting
	6
	1.4

	Standing
	7
	1.7

	Walking
	14-21
	3.3-5.0

	Running
	25-65
	6.0-15.6

	Swimming
	20-50
	4.8-12.0

	Football
	20-35
	4.8-8.4

	Agricultural work
	15-30
	3.6-7.2

	Coalmining
	30-40
	7.2-9.6

	Walking up and downstairs
	38
	9


Estimated Calorie expenditures of various Activities
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The body is unable to completely convert chemical energy from food into mechanical energy ,the efficiency of conversion is only 15—20 %.
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     Heat

     Body temperature 
(2). Age
a. young adults (19-24) are more active than older age groups and thus will have REE multiples that are greater. 
b. assumption made that younger adults have more lean body mass than older adults: the estimate for REE is higher 
c. assumption made that older adults (51+) are less active and therefore the REE multiples are lower than younger age groups 
(3). Gender 
a. men have proportionately greater muscle mass than do women: REE per unit of total body weight differs by approximately 10% between the genders. 
b. occupational activity requirements now are similar 
(4). Pregnancy 
a. gross energy cost for a full term 3.3 kg baby and 12.5 kg weight gain by the mother is estimated at 80,000 kcal. 
b. the increase in the energy allowance during pregnancy is distributed over the trimesters: 1st, +0; 2nd, +300; 3rd, +300 
(5). Lactation 
a. requirement for lactation is proportional to the quantify of milk produced 
b. energy content of human milk is about 70 kcal/100 ml 

c. efficiency of production is about 80%; thus energy cost is 85 kcals/100 ml 

d. Average milk secretion is 750 ml/day 

e. thus, upper boundary of the requirement would be ~ 640 kcals extra per day. 

2). Infants, Children, and Adolescents 
(1). the energy requirement is estimated from intake associated with normal growth 
a. current requirement is 108 and 98 kcal/kg for 0-6 months and 6-12, respectively 

b. studies using double labeled water suggest a requirement that is 15% lower 

c. normal growth usually means the large gain in weight (without obesity) per kcal eaten (link to growth curves) 

d. is bigger better? 
(2). the energy requirements for children (1-10 years) and adolescents (11-14) reflect: 
a. growth rates 

b. high levels of activity

c. differences in sexual maturity 

Age and sex
BMR varies from person to person both within a population group and between different groups. 
Infants and young children have a proportionately high BMR for their size due to their rapid growth and development. 

Men usually have a higher BMR than women since they tend to have more muscle. 

Older adults usually have a lower BMR than the young since the amount of muscle tends to decrease with age. 

The BMR accounts on average for about three quarters of an individual's energy needs.
4.Energy requirements
Recommended daily energy intake divide men into three occupation categories:
   1.sedentary—office and shop worker, most professional people

   2.Moderately active—people engaged in  light industry, postmen, bus conductors, most farm workers

   3.Very active—coalminers, steelworkers, army recruits, some farm workers

Recommended daily amount of food energy
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                     occupational category         KJ       kcal    
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Estimated Average Requirements for energy (children and adolescents aged 0-18 years).


5. Obesity
If energy input is equal to energy output, body-weight remains constant
If energy input is greater than output, the excess food is converted into fat and obesity results
Energy Balance = Energy Input - Energy Output 

Obesity can cause…
Not beautiful
It reduces life expectancy and is related to coronary heart disease and various other conditions including high blood pressure and varicose veins

It also increase the chances of developing diabetes in middle life 
Factors of obesity
Heredity
Reduced physical activity

Eating habits

Psychological factors

Endocrine factors

Treatment
Diet
Activity
Diet:
The nutrients that provide us with calories for energy include carbohydrates, fat and protein. 
The composition of a high energy diet should be over 60% carbohydrates, less than 25% fat and 15% protein. 

It is not advisable to cut down on protein 
It is sensible to restrict fat intake by cutting down on the intake of fried food, butter, cream, fatty meat, etc.

Carbohydrate intake should be reduced but by restricting sugar rather than starch

Alcoholic drinks in excess can lead to obesity and it is sensible to restrict drinking to lose weight 
Food Intake factors 
Hunger: physiological drive for food 
Appetite: a response to sight, smell, or taste of food that prompts or delays eating 

Satiation: full feeling of satisfaction as a result of stretching receptors in the stomach 

Satiety: feeling of satisfaction that occurs after eating which helps determine time between meals 

Other factors that determine intake: stress eating and responding to external cues (like time of day or availability of appealing foods) 

Hypothalmus: the control center (in the brain) that controls water balance, body temperature, and appetite 

Sources of energy in the British diet (adults)

6. The source of nutrition in china
	
	% energy from fat
	% energy from CHO
	% energy from protein

	
	89
	91
	93
	97
	89
	91
	93
	97
	89
	91
	93
	97

	Urban
	21.4
	29.7
	32.0
	32.8
	65.8
	58.0
	55.0
	53.3
	12.8
	11.8
	12.3
	12.9

	Rural
	18.2
	22.5
	22.7
	25.4
	70.0
	65.6
	65.2
	62.1
	12.1
	11.4
	11.7
	11.7

	Low income
	16.0
	19.3
	19.7
	23.0
	72.9
	69.2
	68.6
	64.5
	11.6
	11.1
	11.5
	11.7

	Middle income
	20.3
	25.2
	25.5
	27.1
	67.5
	62.6
	62.2
	60.3
	12.4
	11.6
	11.6
	11.9

	High income
	21.5
	30.0
	31.5
	31.6
	65.4
	57.5
	55.4
	54.8
	12.9
	11.9
	12.5
	12.6

	Total 
	19.3
	24.8
	25.5
	27.3
	68.7
	63.2
	62.1
	59.8
	12.3
	11.5
	11.9
	12.1


A balanced diet in practice will mean:
Eating more starchy foods such as bread, potatoes, rice and pasta. Assuming these replace fat-containing foods, this will help to reduce the amount of fat and increase the amount of fibre in the diet. Adding fat to these foods should be avoided or kept to a minimum. 
Eating more fruit and vegetables. It has been suggested that individuals aim for at least 5 portions of different fruits and vegetables a day (excluding potatoes). As long as extra fat is not added to these foods, these changes will help to reduce fat intake, and increase intakes of fibre and important nutrients such as vitamin C. 
Choosing leaner cuts of meat and lower fat versions of dairy products will help to reduce the amount of fat, particularly saturated fatty acids in the diet. Trimming fat, choosing cooking methods that do not require added fat and eating smaller portions of high fat foods can all be helpful. 
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Watching TV 





1.0-1.2





Sleeping 
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Skiing (fast) 
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